Physicochemical properties of water were analyzed to assess the long-term water quality variations in Lake Hwajinpo, Korea. Water quality data monitored from 1998 to 2015 was divided in three periods and descriptive statistics, correlation and rotated components were deducted using statistical procedures. Based on the results of analyses, water quality patterns in three periods (1998-2003, 2004-2009 and 2013-2015) were distinguishable from each other. Water parameters, Chlorophyll-a, total phosphorus, total nitrogen, dissolved oxygen and pH, showed the highest mean values in the first period. On the other hand, conductivity and salinity in the second period and temperature and suspended solids in the third period showed the highest mean values. Principal component analysis (PCA) procedure was utilized to deduct the most significant parameters influencing water quality and observed that each period had different pattern of variables. Salinity and conductivity were the two variables highly contributing in first component/factor (F1) explaining 20.77% and 22.93% of the total variance in the first period and second period, respectively. But total phosphorus and chlorophyll-a were the two variables highly loading in F1 of the third period explaining 23.72% of total variance. These results revealed that the water quality of Lake Hwajinpo had different patterns of variations throughout the study period. Thus, PCA results could be valuable to understand the water quality status of water body and take proper steps to protect the water environment.
impact of natural and anthropogenic processes on the lagoon ecosystem could be identified by continuous monitoring and analyzing. Temporal and spatial water quality properties are helpful to recognize the changes and trend of lagoon water [13] [14] . Lake Hwajinpo and other major eastern coastal lagoons in Korea are regularly monitored since 1997 and ecosystem restoration efforts are made [15] . Previous literature of Lake Hwajinpo demonstrated eutrophication [10] , limnological properties [16] , landscape change [7] [9], water environment variation [17] and phytoplankton and trophic status [18] .
The aim of this study is to assess the long-term temporal variations of physicochemical water quality of Lake Hwajinpo from 1998 to 2015. Descriptive water statistics and correlation were deducted and factor analysis (FA) was conducted to identify the important components or factor of water quality variables. The deduction of major parameters and grouping variables by multivariate techniques such as principal component analysis (PCA) enables to identify the sources of pollution [19] [20] [21] . Thus the result of this study will be helpful to water managers to understand the water quality status of Lake Hwajinpo and apply for further management.
Materials and Methods

Study Area
Lake Hwajinpo, a lagoon in the eastern coast of Korea, is located in Geojin 
Sampling and Measurements
Statistical Analyses
The data was divided in three periods as 1998-2003, 2004-2009 and 2013-2015 to understand the water quality variations in different periods. Box and whiskers plots for five parameters were presented in (Figure 3 ). Several outlier values were visible in each period. Therefore we chose to perform non-parametric tests. 
Results and Discussion
Descriptive Water Quality Patterns
The descriptive statistics (mean, standard deviation etc.) physicochemical parameters of Lake Hwajinpo were presented in Tables 1-3 
Relations between Water Quality Parameters
Spearman's rank correlation coefficients matrices of water variables for three periods are presented in Tables 4-6 [26].
Identification of Significantly Important Variables Affecting Water Quality
PCA procedure was applied on each datasets to deduct important variables for each factor. The factors with Eigen value more than 1 (scree plots, Figure 4 , Cond and salinity. F2 explained 16.23% of the total variance and positively correlated with Temp, TP and Chl-a and negatively correlated with SD. F3 was correlated positively with DO and pH. F4 and explained 12.03% and 8.65% of the total variance and positively contributed by TN and NH 3 N and DIP and SS, respectively. The total variance explained was 72.42% (Table 8) . Factor results of 2013-2015 data were presented in Table 9 where total variance explained was 
Discussion
Lake Hwajinpo water quality demonstrated in this study showed wide variations run physicochemical and biological processes in water [27] . Similarly, suspended solids mean value was significantly higher in this period than the previous pe- and South due to the narrow connecting channel [16] . The nutrient (N and P) components were slightly lower in the third period of the study as well as SD.
The nutrients in the water bodies are the byproduct of the human activities in the basin which have a large localized effect on water chemistry. Land use plays significant role on the hydrology system of the water body and its water quality [2] . DO in water depends on water circulation and photosynthesis activities by phytoplankton in lagoon.
Principal component analysis in this study helped to identify which components/factors were influencing the water quality in different periods. In the first The sources of TP and TN can be interpreted as point sources (domestic, industrial wastewater etc.) and non-point sources (forests agricultural land etc.) [21] . Sedimentation of nutrients and their release due to suspension and re-suspension also plays important role [29] [30] . Internal and external loading of nutrients are the big factors to be considered to achieve the sustainable water environment of the lagoon. Reclamation of water body through dredging and enhancing water circulation could be the long term goals [31] [32] [33] .
In this study, the water quality of Lake Hwajinpo in three different time periods was demonstrated by analyzing physicochemical parameters statistically.
And the results showed that the lagoon water quality was distinctly different in each period. The highly significant parameters in the first period (1998) (1999) (2000) (2001) (2002) (2003) and second period were less significant in the third period (2013) (2014) (2015) . Total phosphorus and chlorophyll-a were the two water quality parameters highly significant in the third period.
Conclusions
Long-term water quality data was analyzed to understand how the physico- Therefore, continuous monitoring of water quality and data analyses are required to understand the water quality status of water bodies. This study will be helpful to water managers and administrator to formulate plan to achieve healthy water through sustainable management.
